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Description 

COIL TERMINAL CIRCUIT STRUCTURE 
FOR ROTARY ELECTRICAL DEVICE 

Background of Invention 

[0001] This invention relates to a coil terminal circuit structure 
for a rotary electrical machine and more particularly to a 
structure for facilitates the connection of the coil winding 
ends in a multi phase machine. 

[0002] Multi-phase rotary electrical machines such as either mo- 
tors or generators are well known and comprise armatures 
consisting of a magnetic core material having a plurality 
of circumferentially spaced pole teeth around which coils 
are wound. In these constructions the coil ends of each 
phase are connected to respective phase terminal conduc- 
tors which are, in turn, connected to external phase ter- 
minals. The phase conductors are normally embedded in 
an insulating bonding material to electrically insulate 
them from each other and for other reasons. The coil 
winding terminal ends are exposed radially outwardly at 



different axial and circumferential positions. In addition 
the terminal conductors normally all have the same con- 
figuration. An example of this type of structure is shown 
in Japanese Published Application, publication number, 
Hei 6-233483(A). 

[0003] This type of construction has a number of disadvantages 
that limit its applicability and versatility and add to the 
cost. For example since the terminal ends of the phases 
are at different axial positions, machine assembly must be 
done manually adding to the cost and possible unreliabil- 
ity. Also the use of common phase conductors makes it 
difficult to provide different numbers of pole teeth and 
coils as well as compromising the types of wiring patterns 
that can be utilized. 

[0004] Therefore it is a principle object of this invention to pro- 
vide a multi-phase terminal connection that facilitates the 
making of the coil winding end connections as well as of- 
fering greater versatility in the wiring patterns that can be 

employed. 
Summary of Invention 

[0005] a first feature of the invention is adapted to be embodied 
in a terminal structure for interconnecting coil ends in a 
plural phase rotary electrical machine and adapted to be 



mounted at one axial end of a core having a plurality of 
circumferentially spaced pole teeth around which electri- 
cal coils are wound. The terminal structure comprises a 
plurality of conductors equal in number to at least the 
number of phases and bonded in spaced relationship to 
each other. Each of the conductors has terminal ends ex- 
tending outwardly beyond the bonding material and hav- 
ing wire receiving recesses therein for receiving a coil wire 
end from a respective one of the coil windings. In accor- 
dance with this feature, substantially all of the wire re- 
ceiving recesses lie in a common axial plane. 
[0006] | n some embodiments incorporating this first feature, the 
conductors are axially spaced from each other while in 
other embodiments they are circumferentially spaced from 
each other. 

[0007] Another feature of the invention is adapted to be embod- 
ied in a terminal structure for interconnecting coil ends in 
a plural phase rotary electrical machine and adapted to be 
mounted at one axial end of a core having a plurality of 
circumferentially spaced pole teeth around which electri- 
cal coils are wound. The terminal structure comprises a 
plurality of conductors equal in number to at least the 
number of phases and bonded in spaced relationship to 



each other. Each of the phase is comprised of a plurality 

of interconnected conductors each having at least two cir- 

cumferentially spaced terminal end portions for receiving 

a coil wire end from a respective one of the coil windings. 

[0008] | n some embodiments incorporating this other feature, 

the conductors are axially spaced from each other. 
Brief Description of Drawings 

[0009] FIG. 1 is an axial cross sectional view of a rotating electri- 
cal machine embodying the invention. 

[0010] FIG. 2 is an electrical diagram showing a first wiring pat- 
tern that may be employed with a first embodiment of the 
invention. 

[0011] FIG. 3 is an electrical diagram, in part similar to FIG. 2, 
showing a second wiring pattern that may be employed 
with a first embodiment of the invention. 

[0012] FIG. 4 is an enlarged side elevational view showing how a 
coil winding end is trapped and stripped by a terminal 
constructed in accordance with the invention. 

[0013] FIG. 5 is a schematic view showing how the coil windings 
are interconnected in accordance with a first embodiment 
of the invention. 

[0014] FIGS. 6A-6C are top plan views showing the terminal con- 
nections for the three phases of the first embodiment. 



[0015] FIG. 7 is an electrical diagram, in part similar to FIGS. 2 
and 3, showing a first wiring pattern that may be em- 
ployed with a second embodiment of the invention. 

[0016] FIG. 8 is an electrical diagram, in part similar to FIGS. 2, 3 
and 7, showing a second wiring pattern that may be em- 
ployed with the second embodiment of the invention. 

[0017] FIG. 9 is a schematic view, in part similar to FIG. 5 show- 
ing how the coil windings are interconnected in accor- 
dance with a second embodiment of the invention. 

[0018] FIGS. 10A-10C are top plan views, in part similar to FIGS. 
6A-6C, showing the terminal connections for the three 
phases of the second embodiment. 

[0019] FIG. 11 is an electrical diagram, in part similar to FIGS. 2, 
3, 7 and 8 showing a first wiring pattern that may be em- 
ployed with a third embodiment of the invention. 

[0020] FIG. 12 is an electrical diagram, in part similar to FIGS. 2, 
3, 7, 8 and 11 showing a second wiring pattern that may 
be employed with the third embodiment of the invention. 

[0021] FIG. 13 is a schematic view, in part similar to FIGS. 5 and 9 
showing how the coil windings are interconnected in ac- 
cordance with a third embodiment of the invention. 

[0022] FIGS. 14A-14C are top plan views, in part similar to FIGS. 
6A-6C and 10A-10C, showing the terminal connections 



for the three phases of the third embodiment. 

[0023] FIG. 15 is an electrical diagram, in part similar to FIGS. 2, 
3, 7, 8 and 11 showing a first wiring pattern that may be 
employed with a fourth embodiment of the invention. 

[0024] FIG. 16 is an electrical diagram, in part similar to FIGS. 2, 
3, 7, 8, 11 and 12 showing a second wiring pattern that 
may be employed with the fourth embodiment of the in- 
vention. 

[0025] FIG. 17 is a schematic view, in part similar to FIGS. 5, 9 

and 13 showing how the coil windings are interconnected 
in accordance with a fourth embodiment of the invention. 

[0026] FIGS. 18A-18C are top plan views, in part similar to FIGS. 
6A-6C, 10A-10C and, 14A-14C, showing the terminal 
connections for the three phases of the fourth embodi- 
ment. 

[0027] FIG. 19 is a top plan view of a terminal circuit unit having 
a different embodiment of coil wire end attachment. 

[0028] FIG. 20 is a side elevational view of the embodiment 
shown in FIG. 19. 

[0029] FIG. 21 is a side elevational view, in part similar to FIG. 20, 
but shows the terminal circuit unit attached to the re- 
mainder of the armature, shown in section. 

[0030] FIG. 22 is a top plan view of a stator, armature con- 



structed utilizing a different embodiment of phase spe- 
cific terminal members and is taken along the line 22-22 
of FIG. 23. 

[0031] FIG. 23 is a side elevational view looking in the direction 
of the line 23-23 of FIG. 22. 

[0032] FIG. 24 is a side elevational view looking in the direction 
of the line 24-24 of FIG. 22. 

[0033] FIG. 25 is a bottom plan view of a stator, armature taken 
along the line 25-25 of FIG. 24. 

[0034] FIG. 26 is a top plan view showing the three phase specific 
and common terminal members in their assembled posi- 
tions. 

[0035] FIG. 27 is a top plan view showing only the first phase 
specific terminal member. 

[0036] FIG. 28 is a side elevational view of a first embodiment of 
the first phase specific terminal member before bending 
to receive the wire ends. 

[0037] FIG. 29 is a side elevational view of the first phase specific 
terminal member, in part similar to FIG. 28 , showing an- 
other method of forming the external terminal, shown in 
its final position in phantom. 

[0038] FIG. 30 is a top plan view showing only the second phase 
specific terminal member. 



[0039] FIG. 31 is a side elevational view of the second phase spe- 
cific terminal member before bending to form the external 
terminal, shown in its final position in phantom and be- 
fore bending to receive the wire ends. 

[0040] FIG. 32 is a top plan view showing only the third phase 
specific terminal member. 

[0041] FIG. 33 is a side elevational view of the third phase spe- 
cific terminal member before bending to receive the wire 
ends. 

[0042] FIG. 34 is a top plan view showing only the common ter- 
minal member. 

[0043] FIG. 35 is a side elevational view of the common terminal 

member before bending to receive the wire ends. 
Detailed Description 

[0044] Referring now in detail to the drawings and first to FIG. 1, 
an electric motor is illustrated generally at 51, as an ex- 
ample of a type of multi-phase, rotary electrical machine 
embodying the invention. Those skilled in the art will 
readily understand that the invention is equally applicable 
to multi-phase generators. In the illustrated embodiment, 
the motor 51 is a three-phase, blushless type motor that 
includes a rotor, indicated generally at 52, a stator, indi- 
cated generally at 53, and a magnetic pole position detec- 



tor, indicated generally at 54. These components are con- 
tained in a motor housing comprised of an upper cover 55 
and a lower cover 56 that are suitably fixed to opposite 
ends of a generally cylindrical resin case 57. 

[0045] The rotor 52 includes a rotor shaft 58 that is journalled, in 
a manner to be described, to provide the rotational axis of 
the motor 51. A rotor core 59 is secured for rotation with 
the rotor shaft 58 by means of a spline connection 81 or 
the like. The rotor core 59 is a laminated body made of 
sheet metal or a solid metallic piece and has a cylindrical 
shape. A plurality of circumferentially spaced magnet seg- 
ments 62 are attached in any suitable manner to of the 
peripheral surface of the core 59. 

[0046] jhe stator 53 includes a stator yoke 63 composed of a 

laminated body made of sheet metal having an outer ring 
like portion from which a plurality of circumferentially 
spaced pole teeth extend in a radially inward direction to- 
ward the rotor core 59. There may be any desired number 
of pole teeth (for example, twelve, sixteen, or eighteen) 
projecting in opposition to the magnet segments 62. Slots 
(not shown) are formed between adjacent pole teeth, as is 
well known in the art. 

[0047] upper and lower bobbin insulator halves 64 are positioned 



around the stator yoke 63. These bobbin insulator halves 
64 embrace the pole teeth and have portions that extend 
into the slots between the pole teeth so as to provide lo- 
cation of the bobbin insulator halves 64 relative to the 
stator yoke 63. Coil windings 65 are wound up and down 
through the slots located on both sides of each magnetic 
pole tooth on appropriate surfaces of upper and lower in- 
sulator halves 64 to form coils 65 in the shape of a circu- 
lar ring. Each coil 65 has two coil ends 66 which are bent 
outwardly and radially at right angles relative the rotor 
shaft 58, and projects through and out of a notch (to be 
described later by reference to FIG. 4) provided on the 
outer wall of the upper insulator 64. 
[0048] a terminal structure, indicated generally at 67 is mounted 
above the upper end of the stator 53. The terminal circuit 
unit 67 has three-layer structure in which a phase-spe- 
cific terminal member 68, corresponding to each of the 
three phases U, V, and W, is fixed in axially spaced rela- 
tion. These three-layered, phase-specific terminal mem- 
bers 68 are fixed into one piece construction by means of 
insert molding with resin material 69. Each of the phase- 
specific terminal members 68 has a plurality of integral 
terminal pieces 71 projecting radially and externally on 



both sides for the connection to the coil winding ends 66 
at the beginning and the end of the winding for each 
phase. An end on each terminal piece 71 is bent at a right 
angle and formed in parallel with the rotor axis. The bent 
end of the terminal piece 71 is engaged with and jointed 
with the coil end 66 of each coil 65 in a manner that will 
be described later by reference to FIG. 4. In this case, the 
axial position of the coil ends 66 is the same for all the 
coils 65. The position of the bent end of the terminal 
piece 71 on each of the three-layered, phase-specific ter- 
minal member 68 is aligned so that its position is in line 
with the position of the coil end 66. Thus more automatic 
assembly is possible with this construction. The three- 
layered, phase-specific terminal members 68 are con- 
nected to respective external output terminals 72 pro- 
vided for each phase U, V, and W. 
[0049] The terminal circuit unit 67 and the stator 53 are fixed to- 
gether into one piece with by bonding the resin 69 of the 
terminal circuit unit with the molding resin of the cylindri- 
cal case 57. The upper cover 55 is secured to the upper 
end of the resin molding case 57 by fasteners 73 threaded 
into insert pieces 74 molded into its body. The lower 
cover 56 is secured to the lower end of the resin molding 



case 57 together with a holder 75 of the magnetic pole 
position detector 54 by threaded fasteners 76 threaded 
into insert pieces 77. 

[0050] Finally, the rotor shaft 58 has its upper end journalled by 
the upper cover 55 by a bearing 78, and a lower end sup- 
ported by the holder 75 through a bearing 79. 

[0051] | n addition to simplifying the connection of the coil wire 
ends 66 because of the common axial positions of the 
terminal pieces 71, the construction of the phase specific 
terminal members 68, permits a great latitude in how the 
coils of the phases can be connected, as will now be de- 
scribed, first by reference to FIGS. 2 and 3. These figures 
show, respectively the terminal circuit structure for 36 coil 
winding ends on the motor having 18 coils and how, in 
accordance with the invention they can be wired in a two 
coil series, three parallel connection. Specifically FIG. 2 
shows a circuit diagram for Y-connection with the two- 
coil series, three parallel connection while FIG. 3 is a cir- 
cuit diagram for A connection with the two coil series, 
three parallel connection. 

[0052] The way in which the coil wire ends 66 are connected to 
the respective terminal circuits 36 will be described by 
reference to FIG. 4. One of the notches through which the 



right angle bends of the coil wire ends 66 previously 
mentioned appears in this figure and is identified by the 
reference numeral 81. As also seen in this figure, a V- 
groove 82 is formed at the end of each terminal piece 71 
on the phase-specific terminal member 68. By attaching 
the terminal circuit unit 67 to the stator 53, the terminal 
pieces 71 are pressed toward the coil ends 66, and the 
coil ends 66 are press fitted into the respective V-groove 
82. In this connection, the grooves 82 for fitting the coil 
ends 66 need not necessarily be a V-shape groove, but it 
may take a U-shape or any other notch shape so long as 
insulating coating on the coil ends 66 is cut by the edge 
of the notch 82 for securing the electrical continuity. 

[0053] After this press-fitting, each terminal piece 71 is joined to 
the coil end 66 by fusing or TIC welding using tungsten. 
Since the coil end 66 is press-fitted into the V-shape 
groove 82 in this case, positioning can be easy, and the 
joining reliability improves since the positions are reliably 
fixed and held in the state of press-fitting. In addition, 
since the joined positions of all terminal ends 71 is axially 
aligned at the same position, the joining operation such 
as fusing is facilitated. 

[0054] Th e wav j n which the circuit connections shown in either 



FIGS. 2 or 3 are formed in this embodiment will now be 
described by reference to FIGS. 5 and 6A-6C. As shown in 
FIG. 5 the 36 terminal pieces (each of which has previ- 
ously identified by the reference numeral 71) are num- 
bered in a clockwise circumferential direction starting 
from the top and designated by numerals 1 through 36 as 
radially projected. These terminal pieces 1 through 36 are 
connected as shown by the dotted lines using the three- 
layered, phase-specific terminal members 68. More 
specifically, the terminal pieces 1 through 36 are con- 
nected by several conductive strips for each phase as 
shown respectively in FIGS. 6(A), 6(B), and 6(C). In each 
layer, the phase-specific terminal member is made of plu- 
ral pattern pieces that constitute arcs on double concen- 
tric circles and each of which is formed to protrude radi- 
ally by the selection of the terminal pieces 1 through 36 in 
which coil ends are connected to each pattern piece. The 
individual pieces have not been numbered, but the coil 
ends 66 which are connected at each phase are numbered 
in accordance with the numbering applied in FIG. 5. 
[0055] Referring now to the embodiment of FIGS. 7- 10C, this is 
an embodiment generally similar to the previously de- 
scribed embodiment of FIGS. 2-6C, but which facilitates 



the establishment of three coil series, two parallel con- 
nection either as a Y-connection as shown in FIG. 7 or a A 
connection as shown in FIG. 8. Like the previous embodi- 
ment FIG. 9 shows the 36 terminal pieces (each of which 
has previously identified by the reference numeral 71) are 
numbered in a clockwise circumferential direction starting 
from the top and designated by numerals 1 through 36 as 
radially projected. Also, as before, the terminal pieces 1 
through 36 are connected by several conductive strips for 
each phase as shown respectively in FIGS. 10A, 10B, and 
IOC. In each layer, the phase-specific terminal member is 
made of plural pattern pieces that constitute arcs on dou- 
ble concentric circles and each of which is formed to pro- 
trude radially by the selection of the terminal pieces 1 
through 36 in which coil ends are connected to each pat- 
tern piece. The individual pieces have not been numbered, 
but the coil ends 66 which are connected at each phase 
are numbered in accordance with the numbering applied 
in FIG. 9. 

[0056] Referring now to the embodiment of FIGS. 11-14C, this 
embodiment is generally similar to the two embodiments 
previously described. However this embodiment permits 
the establishment of a six-parallel connection either in a 



Y-connection as shown in FIG. 11 or a A connection as 
shown in FIG. 12. Like the previous embodiments, FIG. 13 
shows the 36 terminal pieces (each of which has previ- 
ously identified by the reference numeral 71) are num- 
bered in a clockwise circumferential direction starting 
from the top and designated by numerals 1 through 36 as 
radially projected. Also, as before, the terminal pieces 1 
through 36 are connected by several conductive strips for 
each phase as shown respectively in FIGS. 14(A), 14(B), 
and 14(C). In each layer, the phase-specific terminal 
member is made of plural pattern pieces that constitute 
arcs on double concentric circles and each of which is 
formed to protrude radially by the selection of the termi- 
nal pieces 1 through 36 in which coil ends are connected 
to each pattern piece. The individual pieces have not been 
numbered, but the coil ends 66 which are connected at 
each phase are numbered in accordance with the number- 
ing applied in FIG. 13. 
[0057] Referring now to the embodiment of FIGS. 15-18C, this 
embodiment is generally similar to the three embodi- 
ments previously described. However this embodiment 
permits the establishment of a six-coil series connection 
either in a Y-connection as shown in FIG. 15 or a A con- 



nection as shown in FIG. 16. Like the previous embodi- 
ments, FIG. 17 shows the 36 terminal pieces (each of 
which has previously identified by the reference numeral 
71) are numbered in a clockwise circumferential direction 
starting from the top and designated by numerals 1 
through 36 as radially projected. Also, as before, the ter- 
minal pieces 1 through 36 are connected by several con- 
ductive strips for each phase as shown respectively in 
FIGS. 17(A), 17(B), and 17(C). In each layer, the phase- 
specific terminal member is made of plural pattern pieces 
that constitute arcs on double concentric circles and each 
of which is formed to protrude radially by the selection of 
the terminal pieces 1 through 36 in which coil ends are 
connected to each pattern piece. The individual pieces 
have not been numbered, but the coil ends 66 which are 
connected at each phase are numbered in accordance with 
the numbering applied in FIG. 17. 
[0058] it should be noted that in the Y connection embodiments 
shown in FIGS. 2, 7, 11 and 15 there is a common point 
indicated at C (the center position of the circuit diagrams) 
that commonly connects each group of six coils in each U, 
V, and W phase. The pattern piece containing the common 
point C may be formed in one of the layers of phase- 



specific terminal member in said three-layered terminal 
circuit unit or may be formed as a separate layer. When 
the pattern piece with the common point C is formed as a 
separate layer, it may be attached to the end opposite to 
the end where the three-layered terminal circuit unit 67 of 
the stator is attached. 
[0059] | n a || 0 f the embodiments thus far described, the terminal 
pieces 71 of the phase specific terminal members have 
had grooves 82 that received the coil wire ends 66 and 
which grooves faced in an axial direction to receive a radi- 
ally extending coil wire end 66. Next will be described the 
embodiment of FIGS. 19-21 where the phase specific ter- 
minal members can be of any type previously described 
but the wire connection is made in a different manner. Be- 
cause this is the only difference, only that portion of the 
construction will be described in detail and components 
having the same general construction as those previously 
described will be identified by the same reference numer- 
als. 

[0060] | n this embodiment, a connecting piece 91, which is V- 
shaped when viewed in the axial direction, is formed at 
the end of each terminal piece 71 on the three-layered, 
phase specific terminal members that are laminated within 



the terminal circuit unit 67. The coil ends 66 of the coil 
windings 65 on the stator 53 is fitted within the connect- 
ing piece 91 of each terminal piece 71 and is joined by 
fusing or the like. In this case, it is desirable to fit the coil 
end 66 into the V-shaped connecting piece 91, and then 
to crimp the V-shaped connecting piece 91 to fix and 
hold the coil end 66. 
[0061] | n a || 0 f the embodiments thus far described, all of the 

phase specific terminal members have been formed from 
generally flat plates having a curved shape in the form of 
a segment of a circle from which the terminal pieces ex- 
tended radially outwardly to receive the coil winding ends 
with those of the respective phases being maintained in 
axially spaced positions by the bonding resin. Next will be 
described the embodiment of FIGS. 22-35 where the 
phase specific terminal members are formed and spaced 
in a different manner. Aside from this the construction is 
basically the same as the embodiments already described 
and where components are the same or substantially the 
same as the previously described embodiments, they are 
identified by the same reference numerals and will be dis- 
cussed further only where it is necessary to understand 
this embodiment. For the same reason, only the stator, 



armature assembly is shown and is indicated generally by 
the same reference numeral 53 as previously utilized. The 
terminal circuit unit although the phase specific terminal 
members are different from those previously described is 
also again indicated generally by the reference numeral 
67. 

[0062] As noted in the previous paragraph the phase specific and 
common terminal members are formed and spaced in a 
different manner they serve basically the same functions 
as in the previously described embodiments and this em- 
bodiment also shows a common terminal for use with Y 
connected coils. In this embodiment the three phase spe- 
cific terminal members are indicated generally at 101, 102 
and 103. The common terminal is indicated generally at 
104. 

[0063] unlike the previously described embodiments where the 
phase specific terminal members were axially spaced from 
each other and were formed from generally flat curved 
pieces from which the terminal pieces extended radially 
and had axially bent ends to receive the respective coil 
wire ends, in this embodiment the three phase specific 
terminal members 101, 102 and 103 and the common 
terminal 104 are formed from flat formed sheets of con- 



ductive material that are curved into arcs having different 
radii and which are held by the bonding material in the 
same axial positions as each other but in circumferentially 
spaced from each other. 

[0064] | n addition and as may be best seen from the respective 
plan views of the unbent pieces in FIGS. 28 and 29 
(terminal member 101), FIG. 31 (terminal member 102), 
FIG. 33 (terminal member 103) and FIG. 39 (common ter- 
minal 104), each piece is formed with two or more axially 
extending projections 105 that form the terminal pieces 
for receiving the respective coil wire ends 66 for the coils 
connected by the respective phase or the common ends in 
the case of the common terminal member 104. 

[0065] After being formed in these flat forms the respective ter- 
minal members 101, 102 103 and 104 are bent into 
curves of different radiuses as seen respectively in FIGS. 
27, 30, 32 and 34 and the projections or terminal pieces 
105 are curved to form openings at the same axial posi- 
tions to receive the respective coil wire ends 66. The 
curved terminal members 101, 102 103 and 104 are then 
positioned in their relative radial positioning as shown in 
FIGS. 22, and 26 and maintained in this relationship by 
the bonding resinous material 69. As before the wire ends 



66 may be retained initially by crimping and finally by 
fusing or TIG welding using tungsten. 

[0066] The external connections, indicated here by the reference 
numerals 106 may be formed initially as axial projections 
as shown in FIGS. 28 and 33 or may be formed as circum- 
ferential extensions that are then bent axially as shown in 
FIGS. 29 and 31. 

[0067] Thus from the foregoing description it should be obvious 
that the described and illustrated embodiments permit the 
assembly of a multi phase armature with maximum effi- 
ciency and the ability to use automated techniques as well 
offering greater flexibility in the way the coils are ar- 
ranged in the desired types of circuits. Of course those 
skilled in the art will readily understand that the described 
embodiments are only exemplary of forms that the inven- 
tion may take and that various changes and modifications 
may be made without departing from the spirit and scope 
of the invention, as defined by the appended claims. 



